I t has been realized by several investigators th a t w ith some exceptions compounds containing the hydroxyl group have a sharp absorption band close to 2-7 5/i,and frequently another much wider band about 3//. E rrera and Mollet (1936, 1937) and E rrera (1937) have shown th a t the latter is an " association" band which diminishes on dilution in a non-polar solvent, or by raising the tem perature, when the association complexes split up and the hydroxyl band a t 2-75// becomes more pronounced. (Compare also Barchewitz (1937) and Freym ann (1937).) In the present investigation of the infra-red absorption spectra of certain hydroxy compounds in the 3 y region we have made observations of the effect of the structure of the molecule on both the above-m entioned bands, as well as on the CH vibration bands.
I n t r o d u c t i o n
I t has been realized by several investigators th a t w ith some exceptions compounds containing the hydroxyl group have a sharp absorption band close to 2-7 5/i,and frequently another much wider band about 3//. E rrera and Mollet (1936, 1937) and E rrera (1937) have shown th a t the latter is an " association" band which diminishes on dilution in a non-polar solvent, or by raising the tem perature, when the association complexes split up and the hydroxyl band a t 2-75// becomes more pronounced. (Compare also Barchewitz (1937) and Freym ann (1937) .) In the present investigation of the infra-red absorption spectra of certain hydroxy compounds in the 3 y region we have made observations of the effect of the structure of the molecule on both the above-m entioned bands, as well as on the CH vibration bands.
The OH bands in the region about 1-4-1-6/t have been investigated by W ulf and his co-workers (1935, 1936) for the most p a rt w ith solutions of about 0-01 mol./l. in which the association band had practically disappeared. This work relates to the first overtone of the fundam ental frequency in the region of .'!//. and has revealed striking constancy of wave-length and intensity of the bands for diverse compounds which m ay have an OH group in the molecule, and absence of such bands in certain cases where a hydrogen linkage can be postulated. Our measurements have been carried out at 18° C. on the fundam ental bands about 3 for solutions in carbon tetra chloride and other solvents a t a concentration generally about 0-1 mol./l., when association is appreciable. The result of working on the fundamental bands rather than harmonics is to obtain much greater intensity of the bands, and simpler spectra generally.
Experimental
We employed an echelette grating ruled by Professor R. W. Wood, with 2050 lines to the inch, on a concave surface of 1 m. focal length. This was used in conjunction with the rock-salt prism spectrometer, thermopile and galvanometer system which have previously been described by Robertson, Fox and Martin (1934) . The second-order spectrum was selected for the 3 firegion and calibration effected by visual observation of appropriate orders of the Hg line A 5460-7. All wave-lengths given in this work for sharp bands may be regarded as accurate to + 0-001/t. Slits were adjusted so th at a galvanometer throw of 10-20 cm. was obtained, and under these conditions it was possible to obtain the fine structure of lines less than 2 cm.-1 apart.
Absorption cells were constructed w ith fluorite plates cemented to a brass ring by means of a film of fish glue, and three sizes of cell were used varying from 1-3 to 10mm. in length. Two similar absorption cells were selected, one containing solution and the other solvent, and these were placed alternately in the light path for measurements a t each wave-length, so th a t reflexion and other losses would be compensated.
When the absorption is nearly complete the calculated value of the extinction coefficient is greatly influenced by the presence of a small amount of stray light in the spectrometer. This effect was found to be most pro nounced on very sharp absorption bands, and it was allowed for in our calculations by observing the light apparently transm itted through a highly concentrated solution which is known to absorb completely a t the desired wave-length.
All the compounds investigated and the solvents used in this work were specially purified. A.R. carbon tetrachloride was fractionated before use, a middle fraction boiling a t 76-7° C./760 mm. being retained. Chloroform was repeatedly washed with distilled w ater to remove alcohol, dried over P 20s and fractionated immediately before use.
R esults

OH bands
Phenol at various Concentrations in Carbon Tetrachloride- Fig. 1 shows the results obtained for phenol in carbon tetrachloride a t four different con centrations. I t will be observed th a t the curve for th e lowest concentra tion (I) shows little, if any, of the association band around 2-95/i, although the other OH band a t 2-769//, is still intense. This sharp OH band for th e two interm ediate concentrations could n ot be conveniently shown in fig w ithout com plicating it. F or th e purpose of considering th e intensities of the tw o OH bands a t different concentrations, it is convenient to w ork w ith the optical density of the solution ra th e r th a n percentage absorption or tra n s mission, th e density being here defined as log10/ 0/7, where I 0 is th e intensity of the light passed through a cell containing solvent alone, and I the intensity of the light tra n sm itte d through th e solution a t a given w ave length. The m olecular extinction coefficient k is obtained from d by th e relation k -d/cl, where c is th e concentration of th e solution in mol./l. and l is th e cell length in cm.
In fig. 1 the OH band a t 2-769
[ ii s affected to so concentration by overlap of the association band a t 2-95/i, but by extra polating this band over the region of the shorter wave-length band and deducting the appropriate value of d for the association band a t a given wave length from the total density, the density corresponding to the short wave OH absorption can be found. Fig. 2 provides an example of the method. Table I shows the values of d over the OH band a t 2*769/^ for concentra tion (II) before and after elimination of the association band. The ratio of the density of the 2*769[i band to th a t obtained for the lowest concentration (I) is given for most of the band, and it will be seen th a t this ratio is nearly constant, the mean value being 2*60, although the variation of the concentra tion is actually 3 to 1. The difference between 3 and 2*60 represents those molecules which are linked up to give the association band. In a similar manner it is found th a t while the concentrations of (III) and (IV) are respectively 6 and 12 times th a t of (I), the intensity of the 2*769/^ OH band is only 4-42 and 7-51 times that of (I). These results are set out in Table II. We prefer in the present instance not to measure the area under each absorp tion curve, since in regions away from the maximum some interference may be caused by other weak absorption bands, of which there is some evidence in the curves. Although the concentration of associated molecules varies widely, the ratio c j dc hanges b u t little and indicates th a t the intensity of the association band is proportional to the num ber of molecules not contributing to the 2-769 yband. The molecular extinction coefficient for the unassociated molecules, calculated from data in Table I , is 208 (cf. 2-7 found by W ulf and Liddel (1935) for the first harmonic) as against an average value of 1 for the associated molecules. The difference between these two OH values is, however, more than compensated by the much greater breadth and corre sponding area of the association band. The approxim ate constancy of the expression (dr)2/ca in Table I I would suggest th a t an equilibrium is set up between single and double phenol molecules in the concentration range studied: PhOH + PhO H 2PhOH. Since dr is proportional to the con centration of single molecules and ca is proportional to the concentration of double molecules, (dr)2jca should be constant, according to action. The high value 16-9 shown for concentration (II) probably arises from the difficulty in obtaining an accurate value of ca when it is a small difference. The manner in which the phenol molecules are linked together is not well understood, and we shall consider this m atter in detail later in this communication (p. 433). In the Table * denotes a som ewhat lower accuracy for the value so marked.
Phenol and some Alcohols in various Solvents-In addition to carbon tetrachloride the following solvents were used for phenol: chloroform, tetrachloroethylene, and a satu rated solution of hexachloroethane in carbon tetrachloride. A liphatic alcohols were exam ined in carbon tetrachloride, and arom atic alcohols in carbon tetrachloride and chloroform solutions. The collected results including those for phenol in carbon tetrachloride are given in Table I I I (see figs. 3, 4 and 5). W ave-lengths and molecular extinc tion coefficients are given for both OH bands. I t will be observed th a t the results for phenol are very similar for the non-polar solvents, b u t th a t the association is considerably reduced in chloroform. This la tte r solvent has the disadvantage th a t it has strong absorption in th e region of 3y b u t it dissolves some hydroxy compounds, e.g. triphenyl-carbinol, more readily th an carbon tetrachloride. I t is interesting to com pare th e results w ith some obtained by E rrera and Mollet for ethyl alcohol. These are given displayed in Table IV .
Infra-red Spectra-Absorption of some Hydroxy Compounds
The ex trapolated value of k m ax for com pletely associated E tO H is 120 com pared w ith 91 calculated for phenol from d a ta in Table II . A value of this order is also obtained for liquid w ater from th e results of Ganz (i937)- In this case the association is complete, no sign of the shorter wave-length OH band being detectable. Table V contains the frequency v± of the short wave OH band found by us for several compounds, the first overtone v2 (W ulf and others 1935* I 93^) and in one or two cases the second and third overtones and v4 obtained by Mizushima, TJehara and Morino (i937)* Table we have calculated the anharm onicity factor for the OH vibrations and hence the approxim ate energy D involved in the dissociation of the OH linkage. * This compound is not discussed in this paper, but is included here as it provides an interesting exam ple o f the relation between the frequency of a fundamental and that of its first overtone.
The fundamental and harmonics are here related by the simple expression vn = w&>[l -(n+ 1)# ] , where oj is the natural frequency for very small dis placements and x is the anharm onicity constant. The energy of dissociation D of the OH linkage, after allowing for zero-point energy, is or ha)(l -x)2 A . ^ . As it will be necessary to link up the lowering of frequency of the OH band, when association occurs, w ith the energy involved, we may here consider the m agnitude of the changes resulting from the form ation of an inter-or intram olecular hydrogen bond. Pauling (1936) has calculated the energy of the intram olecular hydrogen bond in o-chlorophenol, which causes the first harm onic of the OH band to shift from 7050 to 6910 cm .-1, and obtains the value 1400 cal./mol. I f we make the assum ption th a t the anharm onicity factor, x, rem ains the same for both bands, then we obtain from the expression given above 8D/D = 8(o/co, and this leads to a value about 2000 cal./mol. for o-chlorophenol, which is not very different from Pauling's value. Accordingly, for the association band which is found in phenol and alcohols a t a frequency 150-300 cm.-1 lower th a n the OH band for unassociated molecules, the energy involved will be between 3000 and 6000 cal./mol. the sides of the main band. The wave-lengths and approxim ate " mole cular" extinction coefficients (calculated for one aromatic CH group) are given in Table VI . The aliphatic CH bands (figs. 3 and 4) are similarly presented. For the purpose of estimating the " m olecular" extinction coefficient of the CH group, CH2 is considered as providing two and CH3 three CH linkages. Triphenyl-carbinol with no aliphatic CH linkage has of course no important absorption in the region of 3-48 ju.
%
Discussion of Results
OH bands-The results obtained in the 3[i region of the spectrum show a close correspondence w ith the data given by W ulf and others for the l*5/£ region as regards the OH absorption band. In m any cases our curves agree closely w ith those of W ulf in spite of the fact th a t the intensity of the first overtone is only a few per cent of the fundam ental in the 3/i region.
We find, as does Wulf, th a t the position of the OH band for the un associated molecules varies a little from one compound to another. We summarize our results for solutions in carbon tetrachloride as follows: I t is of interest to recall the value for w ater vapour, 2*672/^. ^-Aliphatic alcohols, even with long chains, have a lower wave-length than benzyl alcohol which also contains the -CH2OH group. £er£-Butyl alcohol similarly has a somewhat lower wave-length th an the tertiary aromatic alcohol, triphenyl-carbinol. Phenol with the group ^)>COH has the same wave-length as triphenyl-carbinol, while diphenyl-carbinol with the group -CHOH has a slightly lower wave-length. We thus see th a t when in an aliphatic or aromatic hydroxy compound a C, CH or CH2 group is directly attached to the OH, the frequency of this group is not independent of the nature of the rest of the molecule. This may well have some connexion with the fact that the aromatic-aliphatic C-C distance in compounds such as methyl benzenes, as found by Robertson (1933) from X-ray, and by Jones (1935) from electron diffraction measurements, is only 1*47 or 1*50 A instead of the 1*54 A for the C-C distance in saturated aliphatic compounds.
Our results for phenol show how effective a given OH unit is in absorbing radiation, according to w hether it exists in an isolated molecule or in an association complex. I t becomes possible to determ ine the proportions of single and complex molecules in a solution from the absorption data. A further point th a t emerges from the results of E rrera and Mollet on ethyl alcohol, Ganz on liquid w ater, and ours on phenol is th a t when associated, a given OH unit is equally effective in absorbing radiation over a wide range of concentration, from a dilute solution in carbon tetrachloride to the pure liquid, although the frequency of the position of m axim um absorption increases as the concentration is reduced. Ganz (1937) found little change in the intensity of the 3y band of liquid w ater w ith increasing tem perature (an observation which we have confirmed) and this is not surprising since the " concentration" is so great. The frequency of the position of maxim um absorption of this band however does increase w ith rising tem perature in accordance w ith some reduction in the strength of association.
From fig. 2 it will be noticed th a t the association band extends right up to the norm al 2*769/^ OH band, b u t not to higher frequencies; its m axim um moves tow ards lower frequencies as its intensity becomes greater ( fig. 1 ). I t is considered th a t a t any m om ent complex molecules exist in the solution w ith a strength of binding varying from the m axim um value to nearly zero. As this binding becomes stronger so the OH linkage is weakened and the OH frequency is reduced (cf. B ernal 1937). The association band m ay be regarded as a kind of distribution curve showing the proportion of molecules w ith any given strength of binding.
The association of molecules of general type i? OH has been ascribed to the form ation of hydrogen bonds, thus:
According to Bernal (1937) a distinction can be made between hydrogen bonds and hydroxyl bonds. In the hydrogen bond the hydrogen atom is attached w ith almost equal firmness to two oxygen atoms, the 0 -O distance being 2*5-2*65 A corresponding to an energy of the bond about 8000 cal./mol. The OH bonds are in these conditions greatly weakened and the charac teristic OH band is not found in the normal spectral region. In the hydroxyl bond the hydrogen atom is still regarded as belonging to its parent oxygen, although the OH bond is somewhat weakened and the band is observed a t a lower frequency (by some 150-300cm.-1). The distance 0 -H ••• 0 in this type of bond is taken to be 2*7-2-9 A and the energy involved about 5000 cal./mol. This view does not seem to be quite conclusive since the dissociation energy of a normal OH bond (106,000 cal./mol.) is very large compared with the changes in energy suggested for the hydrogen bond above. The " disappearance " of the normal OH frequency about 2-75/6 when a definite hydrogen bond can be postulated may be due to the difficulty of locating or recognizing the shifted band. The frequency shift to be expected for 8000 cal./mol. corresponding to a strong hydrogen bond is about 400 cm.-1 and this would displace the OH band from its position at 2-75/^ to about 3-1/6. In this region of the spectrum other bands are found, arising for example from aromatic CH frequencies, and the resulting absorption curves are rather complex. I t is significant, however, th a t we have found th a t strong absorption occurs in salicylic aldehyde and in fatty acids where strong hydrogen bonds exist (cf. Buswell, Deitz and Rodebush 1937) .
On the supposition th a t as the concentration of hydroxy-body increases the first interaction is to give double molecules such as (1), it follows that when this type of association becomes complete the molecular extinction coeffi cient for the sharp OH band will fall to half the value found at infinite dilution, since only half the normal OH bonds giving rise to this frequency now remain. This effect, if it exists, will be masked at higher concentrations by the formation of larger complexes w ith a still smaller number of " free" OH linkages:
The formation of double molecules of type (1) does not accord with the observed variation of the intensity of the two bands with concentration in the case of phenol. If we suppose the complexes to be in equilibrium with single molecules
we shall have, adopting our previous notation: total number of phenol molecules cr , .number of phenol molecules in association ca, number of single phenol molecules cr -ca, number of " free" OH linkages cr -~-. The ' Infra-red Spectra-Absorption of some Hydroxy Compounds 435 difference cr -dr will now become ~ instead of ca. We give values of on a A ctually the variation in this q u an tity is seen to be far greater th an the corresponding variation in concentration. This difficulty would be removed if the 4"free" OH in the double molecule also changes its frequency to the region of the association band, b u t this introduces an artificial distinction between the two hydrogen atom s. In our view the observations here recorded suggest interaction between any two molecules in such a way th a t both OH bonds are affected:, the m agnitude of the effect depending on the relative position and distance a p art of the molecules. I t is of some interest to consider the m utual interaction of two molecules. London (1937) gives three constituents of van der W aals force. These, expressed in term s of energy of interaction, m ay for the present purpose be given briefly as follows:
1-O rientation effect due to the m utual interaction of perm anent dipoles. B oth attractiv e and repulsive forces arise, b u t averaging for all possible orientations the m ean energy for the interaction between two dipoles with the same m om ents ft is given by U 2 3 rQ k T the negative sign implying attraction, r is the distance between the dipoles, k is B oltzm ann's constant, and T the absolute tem perature. For low tem peratures or small distances { k T < the expression becomes invalid, since it leads to energies of in ter-2/^2 action greater th a n the m axim um possible, -, i.e. the interaction energy for two molecules oriented in the most favourable manner possible, w ith their dipoles parallel to each other along the line joining them.
2-Induction effect due to the interaction of induced dipole and perm anent dipole responsible for it. The force between the molecules is always attractive and the energy is very much less than th a t in 1 for the type of compound here considered.
3-Dispersion effects due in a simple case to the interaction of two three dimensional isotropic harmonic oscillators with no permanent moment in their rest position. During oscillations various configurations of nuclei and electrons occur, and in general these are equivalent to rapidly varying dipoles which induce dipoles in other molecules and so produce a varying energy of interaction which in the simple case considered is U = -( attraction), where a is the polarizability.
London's calculations for H 20 show th a t the relative magnitudes of these . forces in the order 1, 2 and 3 are in the ratio 190:10:47. In the case of phenol and alcohols the interactions we are concerned with are between OH groups, or b e tte r-COH groups. These we m ay in the first instance represent as spheres (see fig. 6 ) containing a -CO dipole and an -OH dipole which are added vectorially to give the resultant dipole, for simplicity supposed to behave as though at the centre of a sphere. Where a, the polarizability, is involved, we m ay consider a value appropriate for a -COH " molecule" , since the energy of interaction falls off according to a high power of the distance, and more remote portions of the molecule, e.g. in triphenyl-carbinol, will only contribute slightly to the total energy. By doing this we can assume th a t the induction and dispersive effects will be much the same for all alcohols, being however somewhat reduced with big molecules owing to the difficulty of approach of the -COH groups of different molecules. We find, if r is taken as 2-7 A, the distance at which the hydroxyl bond forms, th a t the maximum possible orientation energy (for [i -1-7 x 10~18 e.s.u.) is nearly 4-3 kcal./mol. To this value there should be added energy arising from the dispersion effect (London 1937? P -19) which, for the hydroxy bodies here discussed we shall consider to be of the same order as for water. In th a t case the value should be increased by some 25 % and the total energy is of the right order of magnitude. Approach to this maximum value will become less likely as the temperature rises and increased therm al agitation tends to promote random distribution of the dipoles. Accordingly association should decrease with rise of tempera ture, as is well known to be the case. Dilution also reduces association, and this may be partly attributed to the effect of a large preponderance of solvent molecules hindering the favourable orientations of the dipoles which lead to appreciable interaction energy. Owing to the disturbing influence of the solvent molecules, two dipoles will only associate if they happen to come within a certain m inimum distance from one another, r. I f the concentration (expressed as n molecule of absorbing m aterial per c.c.) is small, the prob ability th a t any molecule of absorbing substance will be w ithin the distance r of a given molecule is i.e. oc n, and since the to ta l num ber of mole cules subjected to the radiation is also proportional to , the intensity of absorption for associated molecules will vary as a result which agrees with the equilibrium i?OH + i?OH ^ 2i?0H for small concentrations (see p. 424).
The results in Table I I I show th a t changing the solvent from carbon tetrachloride to chloroform reduces the strength of the association band a t 0-1 mol./l. in the ratios: phenol 1-83; diphenyl-carbinol T80; benzyl alcohol 2-38. We can thus state in a general way th a t the association is reduced by a factor of 2, and this is nearly the ratio of the dielectric constants of the two solvents (CC14 2-24; CHC13 5-0). I t will have been noticed th a t in the calculations made by London, the dielectric constant is taken as u nity and this is reasonable if we consider single molecules isolated vacuo. If, how ever, we regard the solvent as a continuous medium w ith its appropriate dielectric constant e, then the force of attraction or repulsion between two dipoles and also the energy of interaction between them is proportional to 1/e, and this m ay account for the observed reduction of association in changing from carbon tetrachloride to chloroform. An alternative explana tion m ay be found in the fact th a t while carbon tetrachloride is non-polar, chloroform has a dipole m om ent of 1-1 x 10~18e.s.u. The chloroform molecules may now be regarded as forming loose complexes w ith the solute molecules and thereby hinder hydroxyl association by reason of the difficulty of approach to the required distance 2-7 A. A small increase in this distance reduces the energy of interaction very considerably (up to the sixth power of the distance). I t will also be observed from Table I I I t is of interest to note th a t increasing molecular complexity generally reduces th e association both in carbon tetrachloride and chloroform, as is seen from the series PhO H , PhC H 2OH, P h 2CHOH and P h 3COH (figs. 3 and 6), the association being greatest for phenol and least for triphenylcarbinol. ra-Butyl alcohol and stearyl alcohol, however, are equally associated, while tertiary-butyl alcohol is less and cetyl alcoh associated than the two former. The frequency shift between the sharp OH band and the centre of the association band for concentrations about 0-1 mol./l. is 220 cm.-1 and this is equal to 4000 cal./mol. or more, an energy considerably greater than th a t involved in m any cases for intramolecular bonding, e.g. 1400 cal./mol. for o-chlorophenol.
Measurements of the heats of dilution of alcohols give similar values for the energy of interaction and indicate the possibility of more complex groupings than double molecules (Wolf 1937) . I t will be observed th a t the association band, particularly for aliphatic alcohols (fig. 4) , has a t least two maxima, and it m ay be of significance in this connexion th a t the separation of these maxima (the mean positions for which are 2-88 and 2-98/i for all the hydroxy bodies studied) is almost th a t between the sharp OH band and the first maximum a t 2-88//. The apparent shift towards longer wave-lengths of the association band with increase of concentration may find its explana tion by supposing th a t the band a t 2-88/* which is more pronounced a t lower concentrations is due to double molecules, while the second longer wave length band arises from more complex combinations and therefore only becomes marked a t higher concentrations. The reduction of association in either solvent with increasing molecular complexity can be attributed to the reduction of the num ber of orientations of the polar -COH groups for which interaction can occur. Particularly pronounced is this effect in triphenylcarbinol in which nearly half the space surrounding the -COH group, within the critical distance 2-7 A, is not accessible to another -COH group (%• ?)• CH bands-From figs. 1, 3 and 4, and Table VI , the differing behaviour in absorption of the aliphatic and aromatic CH groups is brought out. The single aliphatic CH group in diphenyl-carbinol gives rise to one strong absorption band a t 3-479//,, whereas the CH2 group in benzyl alcohol gives one band at 3-477/^ and a slightly weaker one a t 3-40ft. Fig. 4 (c) and (d) for cetyl-and stearyl-alcohols show very intense CH absorption of the CH2 group in the same position as in benzyl alcohol. The curve for tert-butj\ j alcohol, fig. 4 (6) , shows the corresponding absorption for the CH3 group and this is even more complex than for CH2. Three distinct components can be identified at 3-48, 3-40 and at 3-36//, the last being the most intense. The total value of k max per aliphatic CH in Table VI is about 20, and this is \ divided between the two bands for CH2 and the three (or more) bands for \ CH3. The value of a: max for the 3-40/i band of t e r t -b u t y l alcohol is difficult to assess from the curve; it is, however, less th a n the value 9*7 for the 3-36/^ band.
The arom atic CH bands do not vary much in position in the spectrum in the series benzene, benzyl alcohol, diphenyl-carbinol, and triphenylcarbinol, although there is a slight progressive increase of wave-length with increasing molecular complexity. I t should be noted, however, th a t the three strong bands do not always retain the same relative intensities (cf . Table VI and figs. 1 and 3) . The arom atic CH bands in phenol are very different from those of the arom atic alcohols, one band being particularly strong a t the Infra-red Spectra-Absorption of some Hydroxy Compounds 439 F ig . 7 expense of the others. This peculiarity of phenol appears to be due to the direct attachment of the OH group to the benzene ring and disappears when another group, such as CH2 is interposed. The variations which occur in the aromatic CH bands of different hydroxy-compounds are valuable as a means of identification when considered in conjunction with the characteristics of the OH group itself, e.g. phenol and triphenyl-carbinol possess OH bands at exactly the same wave-length, but the CH bands are somewhat different as regards intensity and position, although the bands of both compounds are easily recognized as being due to aromatic CH groups.
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Summary
1-
The two OH absorption bands in the region of 3y for phenol and certain alcohols have been investigated for solutions in carbon tetrachloride and other solvents. W ith phenol the intensity of the longer wave " associa tion b a n d " is proportional to the num ber of molecules not contributing to the short wave band. The association band is complex and its maximum moves to shorter wave-lengths as its intensity falls. A t moderate concentra tions an equilibrium is set up between single and double phenol molecules, and the forces acting between such molecules are considered in the light of London's theory of intermolecular forces. In chloroform as a solvent the intensity of the association band is reduced approxim ately one-half com pared with the solution in carbon tetrachloride; increasing molecular com plexity in the order PhOH, PhC H 2OH, P h 2CHOH and P h 3COH reduces association in either solvent.
Both long chain normal alcohols examined in carbon tetrachloride solu tion show undiminished association. Increasing molecular complexity in the series PhC H 2OH, P h 2CHOH and P h 3COH causes a small progressive increase in the wave-length of the short wave OH band; and when carbon tetrachloride is replaced by chloroform as a solvent, this band is displaced to a slightly longer wave-length. The structure of the molecule itself may con siderably affect the magnitude of the association band, e.g. the presence of three phenyl groups in triphenyl-carbinol almost suppresses association.
2-
Aliphatic CH bands for CH, CH2 and CH3 groups are examined and is shown th a t in the cases considered there is a constant intensity of absorp tion for the CH linkage in each molecule, b u t th a t it is distributed among the one, two or three components attrib u ted to each group respectively.
Aromatic CH bands retain their positions, but not necessarily their relative intensities, for a series of arom atic alcohols; with phenol, bands of somewhat different position and intensity are found, this being attributed to the direct attachm ent of the OH group to the benzene ring.
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The Influence of Temperature on the Capture of Neutrons by Various Elements The velocity distribution of neutrons of therm al energies can be changed by passing the neutrons through a layer of paraffin wax about 1 cm. thick, m aintained a t a different tem perature from th a t of the neutrons entering the layer (Moon and Tillm an 1936). W hen neutrons of an energy corre sponding to room tem perature (290° K.) are passed through such a wax layer a t 90° K ., the radioactivity induced in elem ents by the absorption of these cooled neutrons is greater th a n if the layer is also a t 290° K. For silver a wax layer of about 1 cm. thickness gives the greatest increase, about 35 %. The effect was investigated for several elem ents and varied from about 20 % for iodine to about 50 % for copper (about 30 % being the average order of m agnitude of the effect).
The differences between these values may arise from two causes. First, an element may absorb, selectively, neutrons of an energy far above thermal energy. The activity due to these neutrons will be independent of tem perature, and the measured value of the temperature effect will be less than if the thermal neutrons alone had been concerned. Secondly, the variation of absorption probability with velocity may differ from one element to another in the " thermal region".
Since either an abnormally high or an abnormally low value of the
